Pre-adolescence and adolescence are developmental periods associated with increased vulnerability for tobacco addiction, and exposure to tobacco during these periods may lead to long-lasting changes in behavioral and neuronal plasticity. The present study examined the short-and long-term effects of nicotine and nicotine withdrawal on fear conditioning in pre-adolescent, adolescent, and adult mice, and potential underlying substrates that may mediate the developmental effects of nicotine, such as changes in nicotinic acetylcholine receptor (nAChR) binding, CREB expression, and nicotine metabolism. Agerelated differences existed in sensitivity to the effects of acute nicotine, chronic nicotine and nicotine withdrawal on contextual fear conditioning (no changes in cued fear conditioning were seen); younger mice were more sensitive to the acute effects and less sensitive to the effects of nicotine withdrawal 24 h post treatment cessation. Developmental differences in nAChR binding were associated with the effects of nicotine withdrawal on contextual learning. Developmental differences in nicotine metabolism and CREB expression were also observed, but were not related to the effects of nicotine withdrawal on contextual learning 24 h post treatment. Chronic nicotine exposure during pre-adolescence or adolescence, however, produced long-lasting impairments in contextual learning that were observed during adulthood, whereas adult chronic nicotine exposure did not. These developmental effects could be related to changes in CREB. Overall, there is a developmental shift in the effects of nicotine on hippocampus-dependent learning and developmental exposure to nicotine results in adult cognitive deficits; these changes in cognition may play an important role in the development and maintenance of nicotine addiction.
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Introduction
The developmental period of adolescence is associated with a greater risk for the onset of nicotine addiction (Giovino, 2002; Nelson et al., 2008) , and thus the high prevalence of tobacco use by adolescents is cause for concern. The initial use of tobacco most commonly occurs during pre-adolescence or early adolescence, with the majority of smokers having tried their first cigarette before age 18 (Everett et al., 1999; Johnston, O'Malley, Bachman, & Schulenberg, 2009; Lantz, 2003) . Furthermore, an earlier onset of smoking is predictive of a more severe addiction (Everett et al., 1999) and is associated with higher rates of drug use later in life (Hanna & Grant, 1999) , suggesting that the effects of nicotine during childhood or adolescence are more detrimental than if nicotine use begins during adulthood. The effects of nicotine on the developing brain may play a critical role in the development and maintenance of nicotine addiction, yet there is much that remains unknown about the behavioral, cellular, and molecular changes that occur during adolescence following exposure to nicotine.
Nicotine-induced alterations of cognitive processes during adolescence may play an important role in the continued use of nicotine and could lead to addiction. A key feature of adolescent neurodevelopment is the maturation of brain areas that underlie cognitive processes, and the effects of adolescent nicotine exposure on executive function could lead to increased risk for nicotine addiction (Casey, Tottenham, Liston, & Durston, 2005; DeBry & Tiffany, 2008) . Using a mouse model to investigate the effects of nicotine on learning, we have demonstrated in adult mice that acute nicotine enhances hippocampus-dependent learning, chronic nicotine has no effect, and nicotine withdrawal impairs hippocampus-dependent learning (Davis & Gould, 2009; Davis, James, Siegel, & Gould, 2005; Davis, Kenney, & Gould, 2007; Gould & Higgins, 2003; Kenney, Adoff, Wilkinson, & Gould, 2011) . Developmental
